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Engine Identification Number: 17 Air Augmented LACE-Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions 5..5_.; Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touch-down
(Take off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing

a_d burning cycle (2OOO-BOOO ft/sec) Ramjet, subsonic combustion (6000-8000

ft/sec) Rocket (Orbital speed, space msmeuverlng and deorbitlng) Ramjet,

subsonic combustion (Flyback) Air augmented LACE, simultaneous mixing and

burning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

Hydrogen,liquid, 37-40"R _ Oxygen, liquid,162°R
[-'] Hydrogen,liquid, subcooled(25 "R) I--IOxygen, liquid, subcooled
r-I Hydrogen.gaseous I'-']Oxygen,gaseous

Other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-combustor, exit

Engine Arrangement and Operating SchematicGeneral

HEAT

-= INLET -,- " = = EXI T'-"-_

PRIMARY THRUST
CHAMBER AND FUEL
INJECTOR ASSEMBLY

_TURBOPUMP ASSEMBLY
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Engine Internal Operating Parameters, nominal
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Eng. No. _-7

Pc-LACE = 1000 psia, %LACE = 8.0

Ws/W p (SLS) = 0.887 (I.79), %SEC-SLS = 6. ZZ (3.08)

A4/A 3 = I. 00

Engine Operating Mode Block Diagrams
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CHARACTER ISTICS

sis I
and Thrust/Weight

MeasuringweightUnits IThrust/Weight

Liqhtweicjht Estima_

Subsystems:
Fan

Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combusto#Exit
Contingency .........

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet We ight

Installed Eng. Wt.
Thrust/Neight, Inst.

.Heavyweight Estimate

Uninstatled Eng. Wt.

Thrust/Weight, Uninst.

Inlet Weight
Installed Eng. WL
Thrust/Weight, Inst.

Engine Flow Areas
Diameters

ft 2

., 250 tO00 Ibf

Ratio
I

(English)
Ibm

Ibf/Ibm
i

Report 25,194
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Page Z51

Inlet Cowl, A
C

M ixer_ A 3

Combustor, A 4

Exit, A 6

REMARKS,

79.1

69.0

69.0

llO. O

(Ibf/in 2)

50

4878

?._
748

1496

480
I01_7

24_h

-.-....p?_...-:

12922

I_,3

1z_8.8
20__

Iio74

10.7

M ax imum

IO0

_344r

1088

l?O0

Eng. No. 17-t

lt112f055 newton

(International)

kg
newton/kg

Engine h:temal Pressure 1000 (r.ewtor/m 2)
m,

250 344,7 689,5 1723,7

5861 2212.7 2424.

?¢_¢_ 1 1 ¢,_ Q 1 T ¢dP. QI

1496 339. _ 493, 5

Z312 678.6 771. I

636

T?a?O

1Q__

I7_02

14.3

217.7

,4_n7-2

• T_g__

_6T _4

189

242.

_ORQ_

I..,i._"__

I"71

2

2

534

I122T

??.3
_ar1_6_ :.=- ;

143gi

17.4

13465

T__6

12656

and Equivalent

ft

10,03

9.37

9.37

11.83

REFERENCES

m2

7.35

6.41

6.41

10.22

15504

i?798

5528.5

2_I

5023.2

I05

6107, 7

5740.8

II848_ S

94

m

3.06

2.86

2.86

3.61

Engine Lenc_

Uninstalled

Inlet (Typ)

Instal led (Typ)

ths

ft

15.8

37,1

52.9

]

01 2658.5

TTm_ Q

678, 6

1048. 7

288. 5

T_O

207__ 4.

7038. z_

140

7032, 6

8073oi

15IO5._
74

m

4.82

II.31

Air Augmen=ecl B_sic LACE. (iRe_ere=ees 5, T, 2.1.)



rquarer .,,,o..,.
it,TJR_m4rx_

SPECIFIC IMPULSE

REFERENCE TRAJECTORIES
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ENG. NO. 17-1
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ENG. NO. 17-1_

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 17-I-

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 17-I

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE

Thrust,

Weight

__# Report 25,194-

PHYSICAL CHARACTERISTICS _ Eng. No._

,Lightweight Estimate

Subsystems:
Fan

Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combustor/Exit
Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wto
Thmst/Neight, Inst.

Heav_/weight Estimate

Uninstalled Eng. Wt.

Thrust/We ight, Uninst.
Inlet 'Weight

Installed Eng. Wt.
Thmst,/Weight, Inst.

Engine Flow Areas and
Diameters

ft 2

Inlet Cowl, Ac 18Z,

M ixer, A3 158, 3

Combustor, A4 158.3

Exib A 6 z 5z. 5

REMARKS, REFERENCES

sis

and Thrust/Weight Ratio
Measuring Units | (English)

Weight | Ibm
Thrust/Weight / Ibf/Ibm ..,

(Ibf/in 2) Maximum

SO I00

5386

2_74

2528

;}950
qo5

1¢,343

16,_3

7_Ro
27__23

11_1

I I

IL
Engir_e Ir,temal

Itl12t055 newton

I

(InternationaD

kg
newton/kg

Pressure 1000 (r.ewtor/m2)

4917

2_7A

1738
3476

77q

13 484

18.5

637O

IOR_4

12.6

14832 16877

16.9 14,8

2_4q4 _2q 136

40326 ,46013

6.2 5,4

Equivalent

25O

,5907
2_74

3476

5372

I142

IR_.71

344.7

2230,4

li67_6

788.4

1576, 7

353.4

6116_3

181

I0_6 2RR__

20027 gOOd_

g_6 124

4

R

689.5

_443. I

II67_6

1146, 7

I791.7

41(]. 5

6o¢0_ 6

?An

loq

172}.7

2679.4

t i67_ 6

I 576, 7

2436, 7

5IS. 0

8378_ =

T _ 6A- A
R4

ft m2

15.23 16,92

],4.20 I,t '71

I4.20 14.7I

23.46

m

4_fi4

4 ",t_

4.33

5.47

I I

20318

I2.3

40q73

612O1

4.1

6727_ ,q

I66

I1564.1

182ql_q

61

Engine Leng

Uninstalled

Inlet (Typ)

Installed (Typ)

76_- 4

I45

I3216, £

2087I,

53

ths

ft

I8.7

45.0

63.7

I7.93

!

QglA. 9

18585,4

[8729._

40

m

5.7Q-

19.42
l

°
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17-2.

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 17-2 .

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 17-2
I

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 17-2

AIRFLOW
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ENGINE FACT SHEET
mm

Class 0 Composite Launch Vehicle Engines

Engine Identification Number: 18 Air Augmented LACE-Convertible Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions___._ _ Number of Discrete Modes Utilized

Mode Progression- Lift-off to Touch-down
(Ta/_e off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing

and burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000

ft/sec) Ramjet, supersonic combustion (lO,000-ik,OOO ft/sec) Rocket _0rbitai

speed, space maneuvering and deorbiting) Ramjet, subsonic combustion (Flyback)

Air augmented LACE, simultaneous mixing and burning cycle (Landing)

Engine Propellant Requirements

Code: (R) = Required, (V) = Required for vacuum operation, IF) = Useable for t:lyback mode

E] Hydrogen, liquid, 37-40"R _.Oxygen, liquid,lb2=R
D Hydrogen, liquid, subcooled (25 "R) r-1 Oxygen, liquid, subcooled
1-'1Hydrogen, gaseous " [-i Oxygen, gaseous

F-] Other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic
HEAT

-- INLET _=EXCHANGER ; _MIXER/COMBUSTOR =_ EXIT--=
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Engine Internal Operating Parameters, nominal

B
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Eng. No. as

Pc-LACE = I000 psia, _LACE = 8.0

Ws/W p (SLS) = 0.887 (1.79), ¢SEC-SLS

A4/A 3 = 1.00, Ac/A 3 = i. 15

= 6. ZZ (3.08)

Engine Operating Mode Block Diagrams

@

®

H ."/ I I. ,

H

/

i ,i

i cH iR M E ) =I , , .

i i i



P.eport 25_ 194
_!/g/_ ! Volume 5

/ mnluanlt .,..,,..,,,°,.,.
ItZ_nN4TIt_

ENG. NO. 18-:L

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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Eng. No. -_8

The following iniormation for Engine No. 18
appears in the fact sheets previously given

for Engine No. 17.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areas,

Engine Performance: 0-8000 £t/sec

Spec_ic Impulse, Tl_rust, Air_ow,

References and additional remarks

Lengths

Capture Area
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ENG. NO.. z8-2
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ENG. NO. z8-z

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. :L8-2_

THRUST

REFERENCE TRAJECTORIES
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ENGINE FACT SHEET

Class 0 CompositeLaunch Vehicle Engines

Engine Identification Number: 19 Recycled Air Augmented LACE-Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions_._.... ; Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touch-down
(Take off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing

and burning cycle, recycled hydrogen (2000-3000 ft/sec) RmzJet, subsonic
combustion (6000-8000 ft/sec) Rocket (Orbital speed, space maneuvering and

deorbiting) Ramjet, subsonic combustion (Flyback) Air augmented LACE,

simultaneous mixing and burning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F3 = Useable for flyback mode

D Hydrogen,liquid, 37-40"R 171.Oxygen,liquid,162=R
I_ Hydrogen,liquid, subcooled(25 "R)
I'1 Hydrogen,gaseous

I'-1Other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mlxer-combustor, exit

F"]Oxygen, liquid, subcooled
I"] Oxygen,gaseous

Engine General Arrangement and Operating Schematic

HEAT

-= INLET --j_EXCHANGER=i C IXER/COMBUSTORi = EXIT-----=

'_/-Og2; _-_'TURBOPUM P ASSEMBLY
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Engine Internal Operating Parameters, nominal

Pc-I.-&(._E = 1000 psia, CL_ACE; = 4.0

Ws/W p (SLS) = 0.985 (1.87), _IsEc.SL S

A4/A 3 • 1. O0

= 2.65 (I.4o)
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Eng. No. _9

Engine Operating Mode Block Diagrams

(_ H _ Tank =, __

H

A) ,Nil l KI /
L___J ',.___J MC E

(

®H ----" [-,'--'_ _ x
[-,-i ',HEI -'l R_,4i MC!E_i E!_--"
i -- / I Io " " "---" F"L-J _-' -"'---;i
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ENGINE PHYSICAL CHARACTERISTICS

Thrust,

Weight

II

Liqhtweiqht Estimate

Subsystems:

Fan

Heat Exchanger

Primary Rocket
M ixer/Diffu set

Combustor/Exit

Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

Inlet Weight
Installed Eng. WL.
Thrust/A/eight, Insto

s,s L 250t000 Ibf
and Thrust/Weiqht Ratio

Measuring Units,Weight I (En_]liSh)lbm It
Thrust/Weight [, Ibf/Ibm . ,

(Ibf/in 2) Maximum Engine Ir, terr.al
I ii i I

50 I00 250

Report 25, 194
Volurne 5

Pa_e 278
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Eng. No. 19-i
I

1rl12r055 newton

(International)

kg
newton/kg

|

Pressure 1000 (r.ewtor/m 2)

344.7 1723.7

• 6586 7303 8096 2987.4 3312. 6 367_ 3

2558 2558 2558 11 60. 3 1160. 3 1160. 3

637

15099
16.6

i

Heavyweight Estimate

Uninstailed Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. WL

Thrust/Weight, Inst.

Engine Flow Areas and
Diameters

748

1496

480

1_868
21.1

LL

Z765

114633
[ 17.1

14242
17.6

11074
253 16

1088

1700
535

13 184

i_. o
3 160

1582 1

458Z
i9681

12. ?

13.8

9.9

Inlet Cowl, A
c

M ixer, A3

Combustor, A 4

Exit, A 6

REMARKS,

ft2

Equivalent

m2

15.8
lZ65/;''

ft

i0.03

28477

8.8

m

3.06

2.86

79.1 7.35

69.0 9.37 6.41

69.0 9.37 6.41 2.86

110.0 11.83 10.22 3.61

REFERENCES

Air Augmented Recycled Basic LACE.

speci£ic applications.

339.3
678.6

.217.7

5383. 3

207

1254. Z
6637.5

168

17798

_5917 '

493.5

771. I

242_ 7
5980.2
186

1433.4

74 13. 6

150

7.0

6460.0

172
5023.2

11483.2

96°8

7176.2

155

5740.8

129 17.0

86. i

Engine Leng

Uninstalled

Inlet (Typ)

Installed (Typ)

ths

ff

15.8

37.1

52. q

(References 5,

678.6

1048. 7

288.9

6848. _
162

2078.4

8927.2

125

Recycle time limit should be checked for
7, 12, 13, 14)

82 18. 6

135
8073. 2

1629 J.'.8_

68. 3

m I
i

4.82 i

11.31 i
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ENG. NO. 19-1 •

SPECIFIC IMPULSE

REFERENCE TRAJECTORIES
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ENG. NO. 19-1

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 19-1

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 19-1

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE PHYSICAL CHARACTERISTICS

Thrust, sis J

Weight and Thrust/Weiqht
Measuring Units i

Weight I

• Thrust/Weight J

I

250 tO00 Ibf

Ratio
i

(English)
ibm

Ibf/Ibm
ii i

(Ibf/in 2) Maximum Engine

5O

6753

2624

100

7488

2624

25Z8

3?50
91o

17,_0o
14.3

"t280

24,780
10.1

250

8301
2624

3476

_TZ
1147

20920

12.0

10556

31476

7.9
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Eng. No. 19-z_

lr112r055 newton

(International)
kg

newton/kg

Pressure 1000 (r.ewtor/m 2)
I I

3396.5
1190.2

1146, 7

1791.7
412, 8

7937.9

140

3302. Z
11240. 1

99

19250

13.0

29136

48386
5.2

Illl

230 12

I0.9

_097 3

344.7

3063. 1

1190.z
788.4

1576.7

_55.6
6974.0

15 9.

2889.4
9863.4

873 I.7

127

132 16. I

Lightweight Estimate

Subsystems:
Fan

Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combustor/Exit
Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.
Thrust/Neight, Inst.

1738

3476

784

15375

16.3

6370

21745
i

11.5

m 2

16.92
J

m

4. 64

169 12

14.8

Heavyweight Estimate

Uninstailed Eng. Wt.
Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.
Thrust/Weight, Inst.

8

Lil

ths

ft

18.7

45.0

63. 7

1723.7

3765, 3

1190.2

1576. 7

2436. 7

520. 3

9489.2
117

4788.2

14277.4

73

104.'38, 1
106

1858 5.4

29023, 5
38

m

5.70

13.72

19.42

25494

424O6

5.9

Engine Flow Areas and Equivalent
Diameters

ft2 ft

15.23Inlet Cowl, A
c

M ixer, A3

Combustor, A4

Exit, A 6

REMARKS,

182. I

158.3 14.20 14.71 4.33

158. 3 14.20 14.71 4.33

252.5 1 7. 93 23.46 5.47

REFERENCES

113

7671. 4

145

h:temal

11564_ i

19235.5

58

Engine Lenc

Uninstalled

Inlet (Typ)

Installed (Typl
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ENG. NO. 19-2

SPECIFIC IMPULSE

REFERENCE TRAJECTORIES
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ENG. NO. 19-2

THRUST

REFERENCE TRAJECTORIES
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NO. 19-2

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 19-2

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE FACT SHEET

Class 0 CompositeLaunch Vehicle Engines

Report ZS, 194
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Engine Identification Number: 20 Recycled Air Augmented LACE- Convertible RamJet

Engine Operating Modes
Summary: Number of Modes/Transitions _ ; Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touch-down
(Take off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing

and burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic

combustion (6000-8000 ft/sec) Ramjet, supersonic combustion (10,OO0-14,000

ft/sec) Rocket (Orbital speed, space maneuvering-and deorbl,ting) Ramjet,

subsonic combustion (F!yback) Air augmented LACE, simultaneous mixing and

nglne ffropellam l_equlremenls
Code: (R) = Required, (V) = Requlred for vacuum operation, (I_ -- Useable for flyback mode

r] Hydrogen, liquid, 37-40"R I_I Oxygen, licluid,162°R
Hydrogen, liquid, sul0cooled(25 "R) I-] Oxygen, liquid, subcooled

I"-IHydrogen, gaseous ' I-] Oxygen, gaseous

E-IOther
|

Engine Constituent Subsystems
Inlet, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating

-= INLE1

Schematic
HEAT

EXCHANGER__[
--M IXER/COM B US T0 R-_EXI T-_

PRIMARY THRUST
-CHAMBER AND FUEL

INJECTOR ASSEMBLY

J _TURBOPUMP ASSEMBLY
l!

0_';'

.t
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L '.qib_

EngineInternal OperatingParameters,nominal

Pc-LACE = 1000 psia, %LACE = 4. 0

Ws/W p (SLS) = 0.985 (1.87), %SEC-SLS = Z.65 (1.40)

A4/A 3 = 1.00, AC/A 3 = I, I5

Report 25 194
Volume 5

Page 297

Eng. No. 20

Engine Operating Mode Block

H Tank
®

Diagrams

X
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ENG. NO. 2o-z

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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2O

The following information for Engine No. 20
appears in the fact sheets previously given
for Engine No, 19.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areas, Lengths

Engine Performance: 0-8000 ft/sec

Specific Irnpu/se, Thrust, Airflow, Capture Area

References and additional remarks
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20-i
ENG. NO.

THRUST

REFERENCE TRAJECTORIES
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ENG. N0.'2°-2 "
iii

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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20 -2
ENG. NO. -

THRUST

REFERENCE TRAJECTORIES
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Engine Identification Number: 2l RamLACE

Engine Operating Modes
Summary: Number of Modes/Transitions _ ; Number of Discrete Modes Utilized _3_.

Mode Progression- Lift-off to Touch-down
(Take off) Air augmented Liquid Air Cycle Engine (LACE), afterburning cycle

(2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 ft/sec) Rocket

(Orbital speed, space maneuvering and _eorbitlng) Ramjet, subsonic combustion

(Flyback) Alr augmented LACE, afterburnlng cycle (Landing)

Engine Propellant Requirements

['-I Hydrogen,liquid, subcooled(25
n Hydrogen,gaseous

Code: (R) = Required, (V) = Required for vacuum operation, (r') = Useable for flyback mode

Hydrogen,liquid, 37-40"R I_ Oxygen, liquid,Z02°R
"R) r-i Oxygen,liquid, subcooled

r-I oxygen, gaseous

[-'1Other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mlxer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic
HEAT

_l EXCHANGER I MIXER/DIFFUSER COMBUSTOR

INLET -I- -I- -I- EXIT-

PRIMARY THRUST
CHAMBER ASSEMBLY--

INJECTOR
ASSEMBLY

0 C:'.'J TURBOPUM P ASSEMBLY



_L

Engine Internal Operating Parameters, nominal

Pc-LACE = I000 psia, _LACE = 1.0, %HE = 8.0

Ws/W p (SLS) = 1.50 (3.00), %SEC-SLS = 4.54 (2. Z7)

A4/A 3 = Z. 00 (Z. 51)

Report 25_ 194
Voiurn • 5

Page 304
!

Eng. No. 2_..

Engine Operating Mode Block Diagrams
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ENGINE PHYSICAL CHARACTERISTICS

.Thrust, sis J 250t000 Ibf Jl

Weight and Thrust/Weiqht Ratio

Measuring UnitsIWeight (English)ibm ]I
Thrust/Weight ibf/lbm __

Lightweight Estimate

Subsystems:
Fan
Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combustor/Exit
Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

...._: ............... Inlet Weight
Installed Eng. Wt.
Thmst/_Veight, Inst.

• ,

Heavyweight Estimate

Uninstailed Eng. Wt.
Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt..
Thrust/Weight, Inst.

Engine Flow Areas and
Diameters

ft 2

(Ibf/in 2) Maximum Engine h;temal

50 100 250

90.4

39.3

3887

2035

12o9
1738

498

q367

26_7

3150

12517

50.0

4259
2035
1365

1975

538

10172

24_6

3600

13772

Inlet Cowl, Ac

M ixer, A3

Combustor, A4

Exit, A 6

REMARKS,

18.2

11240 12 206

22.2 20. 5

12656 14464

23806 26670

10, 5 9.4

Equivalent

ft

I0.73 8.40

m

3.27

4671
2035

I872

2686

659

11023

21.0

5220

17143

14.6

Report 25 194
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Eng. No._

Iti12/055 newton

(International)

kg
newton/kg

Pressure 1000 Crewtor/m 2)

344.7

1763. I

923.1

548, 4
788.4

225,9
42 48.9

-262

1428.8

5677.7

_96

689.5 1723.7

1931.9l 2118.8

923, I 923,1
619.2 849.1

895.9 1218.4

244,0
4614.0

241

1633.0

6246.9

179

298.9

5408.3

206

2367.8

7776.1

143

7.07 3.65 2.15

78.5 9.98 7.29 3.04

125.2 I2.62 ll.63

REFERENCES
3.85

14308

17.5

20340

34648

5098, 5
218

5740.8

10839.2

7.2 103

Engine Lengths

Uninstalled

Inlet (Typ)

Instal led (Typ)

5536.6

201

6560.9

12097.5

92

6490. I

172

9226.2

15716.3

71

m

20.8 6.34

37.1 11.31

57.9 17.65
|

RamLACE (References 5, 7, 21)
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ENG. NO. 21-1
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ENG. NO. 21-1,

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 2I-I

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 21-1

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE

Thrust,

Weight

PHYSICAL

sis

B bUR[ IUL.4: '1_t=

VAN JVYVL ¢AtlFOliWM

CHARACTERISTICS

(' 250 tO00 Ibf

and Thrustl WeiGjht

MeasuringweightUnits l
Thrust/We ight

Liqhtweicjht Estimate

Subsystems:

Fan

Heat Exchanger

Primary Rocket
M ixer/Diffuser
Combustor/Exit

Contingency

Uninstalled Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.

Thrust/_Veight, Inst.

Heavyweight Estimate

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet "Weight

Installed Eng. Wt.
Thrust/Weight, Inst.

Engine Flow Areas and
Diameters

if2

t82.1

63,0

158.3

252.5

Inlet Cowl, A c

M ixer, A 3

Combustor, A 4

Exit, A 6

REMARKS,

Ratio
(English)

Ibm

Ibf/Ibm

(Ibffin 2) Maximum

sO

32.16

.__1685
1953

3476

711

11042

22.6

6370

17411

I4.4

12146

20_6

25494

37640

6.6

lo9

3_Z3

1685

2205

3950

784

12147

20L6
i

7280

19 427
I2.9

_33(_2

IR.7

129136

42 49 8

5.9

Equivalent

I(

ft

15_23

8.96

14.20

17.93

REFERENCES

m 2

1__oz

5.85

14. 7I

23.46

!I
Engine I_lmmal

i

250
i

3864

1685

3024

5372

1008

14953

16.7

10556

, 2=_50q
9.8

_6448

40973

57421

4.4

m

4, (,4,
v

2.73

4.33

5.47
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Eng. No. 2_-z

lfl12t055 newton ]

(InternationaD

kg
newton/kg

Pressure 1000 (r.ewto_/m 2)

689.5 172_3,7
I

344.7

1598.0i

764-

I000.2

17_1-7

355.6

5509. Q

2O2

3_02 2

RR_2. I

127

I458.8

764.3

885.9

1576.7

• 322.5

5008.7

222

28gq_4

7Rq7_6

i4I

550q__
2_2

11564.1

17073,5

65

6o61.Q

TR_

13Z16.1

19277.1

58

Engine Leng

Uninstalled

Inlet (Typ)

Installed (Typ)

ths
ft

23.7

45.0

68.7

1752.7

764. $

I371.7

2436.7

457.2

6782. r

4788- 2

II_7Q_Q

7460.8

I40

18585,4

26046.2

43

m

7.22



wan WUf|. CAIIFOINIA

SPECIFIC IMPULSE

REFERENCE TRAJECTORIES

Report 25,194
Volume 5

Page 315
mRm

ENG. NO. 21-2
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ENG. NO. 21-2

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 21-2"

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 21-2

AIRFLOW

REFERENCE TRAJECTORIES
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Engine Identification Number- 22 ScramLACE

Engine Operating Modes
Summary: Number of Modes/Transitions 6 ; Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touch-down
(Take off) Air augmented Liquid Air Cycle Engine (LACE), afterburning cycle

(2000-3000 ft/sec) Ram4e%, subsonlc, combustion (6OO0-8OO0 ft/sec) Ramjet,

supersonic combustion (i0,000-14,000 ft/sec) Rocket (Orbital speed, space

maneuvering and deorbiting) Ramjet, subsonic combustion (Flyback) Air augmented
LACE, afterburning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable For Flyback mode

ITI Hydrogen,liquid, 37-40"R
I'-1Hydrogen,liquid, subcooled(25 "R)
I-I Hydrogen,gaseous

F"}Other

[Z]Oxygen, liquid,162"R
F'l Oxygen, liquid, subcooled.
[Z]Oxygen, gaseous

Engine Constituent Subsystems
Inlet, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic
HEAT MIXER/ COMBUSTOR

I
\

PRIMARY THRUST
CHAMBER ASSEMBLY

)_.. _ TURBO PUM P ASSEM BLY

FUEL INJECTOR
ASSEMBLY
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Engine Internal Operating Parameters, nominal

Pc-LACE : I000 psia, _LACE : 1.0, %EIX : 8.0

WslW P (SLS) = I.50 (3.00),CSEC-SLS = 4.54 (2.27)

A4/A 3 : Z. 00 (2.51), Ac/A 3 ,, 2.30 (2.89)

Report 25,194
Volume 5

Page 324
i

Eng. No. 22.

Engine Operating Mode Block

®M

()A I

Diagrams
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ENG. NO. 22-z

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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22

The following information for Engine No. 22
appears in the fact sheets previously given

for Engine No. 21.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areap,

Engine Performance: 0-8000 ft/sec

Specilic Impulse, Thrust, Airflow,

References and additional remarks

Lengths

Capture Area
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ENG. NO. 22-1

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 22-2
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ENG. NO. 22-2

THRUST

REFERENCE TRAJECTORIES
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Engine Identification Number. 2.3 Recycled RamLACE

Engine Operating Modes
Summary: Number of Modes,/Transitions _ ;Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touch-down
(Take off) Air augmented Liquid Air Cycle Engine (LACE), afterburnlng cycle,

recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 ft/sec)

Rocket (Orbital speed, space maneuvering and deorblting) Ramjet, subsonic' com-

bustion (Flyback) Air augmented LACE, afterburning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F') = Useable for flyback mode

I'-I Hydrogen,liquid, 37-40"R
Hydrogen,liquid, subcooled(25 "R)

I-1 Hydrogen,gaseous

I-1 Other

IT/Oxygen, liquid,162°R
r] oxygen, liquid, subcooled
I-I Oxygen, gaseous

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mlxer-diffus er, combustor, exit

Engine General

INLET

Arrangement and Operating Schematic
HEAT

EXCHANGER U IXER/DIFFUSER _COM BUS TO R

| EXIT_

PRIMARY THRUST
CHAMBER ASSEMBLY

FUEL INJECTOR
ASSEMBLY

F ' TURBOPUMP ASSEMBLY
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Engine Internal Operating Parameters, nominal
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Eng. No. 23

Pc-LACE = 1000 psia, _LACE • 1.0, _p.c. = 4. 0, %cond. = 8.0

Ws/W (SLS) ..I 40 (3.00), _SEC-SLS • Z. 09 (0.97)p

A4/A 3 = I. 8? (Z. 66)

Engine Operating Mode Block Diagrams

(D H Tank
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®
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ENGINE PHYSICAL CHARACTERISTICS

Report 25,194
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Eng. No. 23-i

Thrust,

Weight
sis I 2501000 Ibf

and Thrust/Weight Ratio
Measuring Units I (English)

Weight I Ibm
Thrust/Weight l Ibf/Ibm

I

!I
i ,055

(international)

kg
newton/kg

Liqhtweiqht Estimate

Subsystems:

Fan

Heat Exchanger

Primary Rocket
M ixer/Diffuser

Combustor/Exit

Contingency

Uninstalled Eng. Wt.
Thrust/Weightt Uninst.

Inlet Weight
Installed Eng. Wt.
Thrust/Height, Inst.

(ibf/in 2) Maximum Engine Irb

50 100 250

5002

1744
1147

15 18

46 1

10072
24.8

2765
Ii

12837

, 19.5

5546

1744
1295

1725

496

11006

22.7

3 160

14166

17.6

614'9
1944

1776

2346

607

12822

19.5

4582

17404

14.4

real Pressure 1000 (rewtor/m 2)

344.7 689.5 17_,7

2268.9
881.8

520.3
688.6

209. l
4568.7

243

2515.

881.8

587.4

782.5

225.0

4992.3

223

1254.2 1433.4

58229
191

6425.7

173

2789. i

881.8

805.6

1064. 1

275.3

58 15. 9

1 91

2078. 4

7894. 3

141

HeavTweight Estimate

Uninstailed Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. WL
Thrust/Weight, Inst.

Engine

12086

20.7

11074

23 160

10.8

Flow Areas and Equivalent
Diameters

ft2

79.1

37.0

69.0

R

I0.03

6.86

9.37

11.83Ii0.0

REFERENCES

Inlet Cowl, A
c

M ixer, A3

Combustor, A 4

Exit, A 6

REMARKS,

2
m

7.35

3 L44

6.41

10.22

13207

18.9

12.656

25863

9.7

15386

16.2

17798

33 184

7.5

m

3.06

2.09

2.86

3.61

5482.4

203

5023.2

10505.6

106

I

5990.8

186

5740.8

11731.6

95

6979. 1

159

8073.2

15o5i. 3-
74

Engine Lencths

Uninstai led

Inlet (Typ)

Instal led (Typ,

ft m

19.2 5.85

37.0 11.28

56.2 17. 13

Recycled RamLACE. Recycle time limit should be checked for specific
applications. (References 5, 7, 14, 21)
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ENG. NO. 23-1•

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 23-1.

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 23-I

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 23-1

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE PHYSICAL CHARACTERISTICS
I

Liqhtweiqht Estimate

Subsystems:
Fan

Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combustor/Exit
Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.
Thrust/Neight, Inst.

Thrust, sis J 250e000 Ibf

Weight and Thrust/Weiqht Ratio
|1

Measuring Units J (English)
Weight | Ibm
Thrust/Weight | IbUIbm

(Ibf/in 2)

50

Heavyweight Estimate

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.
Thrust/Weight, Inst.

4093
1591

....3476,

Report Z5,194
Volume 5

Pa_e 341

Eng. No. 23-z

]l ltl12r055 newton

(International)

kg
newton/kg

I

1000 (r.ewto_/m 2)
ii

689.5

Maximum Engine h:temal Pressu,

100 250 }44.7 1723.7

5032 1856.6 2058.8 2282,5

2832
721.7
829.6

721,7

936.7

1576.7

721,7

1284.6

453?,
1591
2065

3950 537Z 1791.7 2436,7

690 761 980 313.0 345.2 444,5

11679 12906 15807 5297.6 5854. 1 7170,0

19.4

12847

19.5

25494

38341

6.5

Engine

2L 4 15.8 Z lO. 190 155

6370 7280 10556 2889.4 3302. Z 4788. Z

18049 20 186 26363 8 187.0 9 156.3 11958.2

13.9 12." 9,5 136 121 93

r

14197 17388 5827.4 6439.5 7887. 0

17 .6 14.4 173 14 1

Flow Areas and Equivalent
Diameters

ft 2 ft m2

29136

43333

5.8

40973

58361

4.3

19 I.

6115 4. 1

i%91.5
6.4

132 16, i

19655.6

57

m

Engine Lencths
ft

182. I 15.23 16.92 4.64

59.4 8.70 5.52 2.65

158.3 14. 20 14. 71 4. 33

252.5 5.4717.93

REFERENCES

23.46
I I

Uninstai[ed

Inlet (Typ)

Instal led (Typ)

18585° 4

Inlet Cowl, A
c

M ixer, A3

Combustor, A 4

Exit, A6

REMARKS,

I

III

m

7. 2223.7

45.0 13. 72

68. 7 2o ?4

I
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i

ENG. NO. 23-2
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NO. 23-2.

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 23-2.

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 23-2

AIRFLOW

REFERENCE TRAJECTORIES
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.ENGINE FACT SHEET

Class 0 CompositeLaunch Vehicle Engines
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_r.-.

Engine Identification Number: 24 Recycled ScramLACE

Engine Operating Modes
Summary: Number of Modes/' Transit.ions 6.__. _ Number of Discrete Modes Utilized

ModeProgression - Lift-off to Touch-down
(Take off) Air augmented Liquid Air Cycle Engine (LACE), afterburning cycle,
recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic combustion ,(6000-8000

ft/sec) Ra_et, supersonic combustion (lO,O00-l_,0OO ft/sec) Rocket (Orbital

speed, space maneuverlmg and deorbltlng) Ramjet, subsonic combustion (Flyback)

Air augmented LACE, afterburnimg cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

..... I-I Hydrogen,liquid, 37-40"R [_ Oxygen,liquid,162°R
Hydrogen,liquid, subcooled(25 "R) [_ Oxygen,liquid, subcooled

l'-1Hydrogen,gaseous [-1Oxygen,gaseous

Other

Engine Constituent Subsystems

!ruler, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating

-- INLET

Schematic
H EAT M IXER/

EXCHANGER_j

-I

PRIMARY THRUST

CHAMBER ASSEMBLY

FUEL INJECTOR
ASSEMBLY

TURBOPUMP ASSEMBLY
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//l'larcluordl .....,. °,.. P_,, _s_
i tmJ_l_ _ll 4rlcw

°,

Eng. No. 2_

Engine Internal Operating Parameters, nominal

P
c-LACE = 1000 psia, _LACE = 1.0, _p. C. = 4. 0, %cond.

W /W (SLS) = I. 40 (3.00), %SEC-SLS = Z.09 (0.97)

A:/A;= 1.87 (2.66), Ac/,A 3 = 2.14 (3.07)

=8.0

Engine Operating Mode Block

• Tank

Diagrams

X

H

®
r--1 .r--n _ r--_ .r--- q r--n X
I I I I

I I , LHE,
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Eng. No. 24

The following information for Engine No. Z4

appears in the fact sheets previously given

for Engine No. Z3.

Engine Physical Characteristics

Weight, Thrust/Weight, FlOW areas, Lengths

Engine Performance: 0-8000 ft/sec

Sgeci_ic [mgulse, Thrust, A_r£qowj Cagture Area

References and additional remarks
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ENG. NO. 24-z.'

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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i
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ENG. NO.

THRUST

REFERENCE TRAJECTORIES

I000

4000

c-
O

• 3000

0
0
0

._,,4

¢
2000

Q¢
X
P,-

k"
LB

_" I000
_J
Z

0

m

u_

==
-=

k-

k-
LU

Z

8O0

600

400

200

0

I
2.4

I
2.6

9.0 10.0 11.0

FLIGHT VELOCITY, 1000 ff,/sec

I I , I I
2.8 3.0 3.2 3.4

FLIGHT VELOCITY, 1000 m/sec



Report ZS, 194
rm/f_ Volume 5

/Z la
41

ENG. NO. 24-2

SPECIFIC IMPULSE

REFERENCE TRAJECTORIES
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ENG. NO. 2t_-2

THRUST

REFERENCE TRAJECTORIES
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Engine Identification Number: 25 Supercharged Air Augmented LACE- Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions _ ; Number of Discrete Modes Utilized _.

Mode Progression- Lift-off to Touch-down

(Take off) Supercharged air augmented Liquid Air Cycle Engine (L_CE), simultaneous

mixing and burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-

8000 ft/sec) Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet,

subsonic combustion (Flyback) Ducted fan (Flyback and landing)

- Engine--Propeltant-Requ irement_
Code: (R) : Required, (V) = Required for vacuum operation, (F')= Useable for flyback mode

_._Hyi_e_. liquid,..37-4Q.'R.......
.. I'-IHydrog.en,liquid,subcooled(25"R)

Hydrogen,gaseous

i'-] Other

_ Oxygen, liquid,162"R
l'3 Oxygen, liquid, subcooled
l-'l Oxygen, gaseous

Engine Constituent Subsystems

Inlet, faro, heat exchanger, rocket, mlxer-combustor, exit

Engine General Arrangement and Operating Schematic

HEAT
, FAN EXCHANGER, , MIXER/COMBUSTORI

, I" 1. IIIII1  \ "-"="_PRIMARY THRUST

F O¢._TURBOPUM P ASSEMBLY
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i

Engine Internal Operating Parameters, nominal

Pc-LACE = 1000 psia, _LA.CE = 8.0

Ws/W p (SLS) = 1.1% ¢SEC-SLS = 4. 64

A4/A 3 = I. 00

FA/qP.R. =1.3

Report 25_ 194
Volu_e 5

Page 358

Eng. No. 25
,=ram,ramroD

Engine Operating Mode Block Diagrams

oH

A/,,
%/

H
®-

,X
/ -.'-

•i , i , ,)X& ' I , F , ,HE, " =
/ I I I I

k--...,_ J I.----... a .. .. - ...... , .......

__

H

,---1 ,'---: ,'---', _r"-'-_ __-.T ........

®H

\ I F HE i R i E (X

,.______., L___J I l___J I I
, (,
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Eng. No. a5

Thrust, sis

Weight and Thrust/Weiqht

MeasuringweightUnits IThrust/Weight

Lightweight Estimate

Subsystems:
Fan

Heat Exchanger

Primary Rocket
M ixer/Diffuser
Combustor/Exit

Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

. Inlet Weight
Installed Eng. Wt.

Thrust/Height, Inst.

(IbUin 2)

5O

3450
4235

27=11
759

15 18

Ratio
(Engl ish)

Ibm

Ibf/Ibm
i

Maximum Engine
i

100

3450

4639
22 ii

1104

1725

449

lz6zz
19.8

2765
i

.15387

504
13633

18.3

} 160

16793

14.9

i

Jl
h:terr, al

250

3450

5088
22 11
15 18

2346

608
i_22 1

16. 4

458_

198o_
12.6

,055

(internationaD

kg
newton/kg

Z?Z i. o
1002.9

344. 3

688.6
203.7

5725.4

Iq4.2

1254. 2
6979.6

1,59.3

Pressure 1000 (rewtor/m 2)
r 1

344.7 689.5

1564.9 1564.9

2 104.2

1oo?.,..9
500.8

782. 5

228, 6
6183.9

17q _

1433.4

7617. 3
146.0

Heaw/weight Estimate

Uninstalled Eng. Wt.

Thrust/Weight, Uninst.
Inlet 'Weight

Installed Eng. Wt.
Thrust/Weight, Inst.

Engine Flow Areas and
Diameters

15146
16.5

11074

26220

9.53

1723.7
1564.9

,, • ,, ,

2307.9

10o2, 9
688. 6

1064. !

_75. 8

6004=2

]6 L]

2078.4

_9_. 6
123.8

16360 18265 6870.5 7420.7 8285. 0
15.3

Equivalent

13.7

17798

36063

6.93

161.9
5023.2

i1893.7

93.5

Engine Lencths

149. 9

5740.8

13 16 I. 5

84.5

ft2
r

ft m2

7.35 Uninstal led

Inlet (Typ}

Installed (Typ

12656

290 16

8.62

m

3.06

ft

15.8

37_i

52.9

(References 5, 7, 12, 13, 21)

2.86

Inlet Cowl, Ac 79.1 I0.03

Mixer, A3 69.0 9.37 6.41

Combustor, A 4 69.0 9.37 6.41

Exit, A6 1 lo. 0 1 I. 83 LO. 22

REMARKS, REFERENCES
Supercharged Air Augmented Basic LACE.

2.86

3.61

134.2
J

8073.2

16358.Z

68.0

i

m I
• 7

4.82 _l
!

11_31 116. 12
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THRUST

REFERENCE TRAJECTORIES
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CAPTURE AREA

REFERENCE TRAJECTORIES
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ENGINE FACT SHEET

Class 0 CompositeLaunch Vehicle Engines

Report Z5,194
Volume 5
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Engine Identification Number: 26 Supercharged Air Augmented LACE-Convertible Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions 6 ; Number of Discrete Modes Utilized 5

ModeProgression- Lift-off to Touch-down
(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), simultaneous

mixing and burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion

(6000-8000 ft/sec) Ramjet, supersonic combustion (!0,000-14,000 ft/sec) Rocket

(Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic combustion

(Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

Hydrogen, liquid, 37-40"R
[-'1Hydrogen,liquid, subcooled(25
I-FIHydrogen,gaseous

I-I Other

R)
Oxygen, Iiquid,16ZR

1-'1Oxygen,liquid, subcooled
r-! oxygen, gaseous

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mlxer-combustor, exit

Engine General

= INLET

Arrangement and Operating Schematic
HEAT

FAN EXCHAN GER.j

-I I
M IXER/COM B US TO R

L.

i: EXIT--_

PRIMARY THRUST
-CHAMBER AND FUEL

INJECTOR ASSEMBLY

TURBOPUM P ASSEMBLY

Ip..
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Engine Internal Operating Parameters, nominal

P = I000 psia, _LACE = 8.0c -LACE

Ws/W p (SLS) = I. 19, _SEC-SLS • 4. 64

A4/A 3 = 1.00, Ac/A 3 = 1.15

FAN P.R. = 1.3

Report 25,194 -
Volume 5

Page 369

Eng. No. 2._..6_6

Engine Operating Mode

®

A

Block Diagrams

X

® H

-_ I-.-ir---1 '---''' ....' i'
I i I- i i HEI i-R

I I I I I

(

X
L

®
H

i = X
I i F i i HEI i R i MC E ) -

I I I I I I
L..,..._ J I...,..._ J k=.._4 ,,

)
H

I -- ' ' ' i i L'___ I. N .... i,,,. ! ,,.. ',1 ,.X
i i i , F I , HE ! _1 R _', Nit,; ,, tRl r ,,l'--r_-"
I , I I I i I-ml I II I - L _]1

®
H

A( _ r----,r--_,i,-iMc',---I_I(xI F I HEi I K I
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En_ No. 26

The following information for Engine No. Z6

appears in the fact sheet_ previously given
for Engine No. Z5.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areas, Lengths

Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks



ENG. NO." 26 "

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NG. 26

THRUST

REFERENCE TRAJECTORIES
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Class 0

ENGINE FACT SHEET

Composite Launch Vehicle Engines

Engine Identification Number: 27 Recycled Supercharged Air Augmented LACE- Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions...___ ;Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touch-down
(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), simul_aneous

mixing and burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic

combustion (6000-8000 ft/sec) Rocket (Orbital speed, space maneuvering aria

deorbiting) Ra_et, subsonic combustion (Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V} = Required for vacuum operation, (F) = Useable for flyback mode

I-] Hydrogen,liquid, 37-40"R
Hydrogen,liquid, subcooled(25 °R)
Hydrogen,gaseous

1-']Other.

Oxygen, liquid,162°R
I'] Oxygen, liquid, subcooled
['1 Oxygen,gaseous

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mlxer-combustor, exit

Engine General Arrangement and Operating Schematic

HEAT

FAN EXCHANGER.j I MIXER/COMBUSTOR I
-= INLET --,= -,= -, _ -I= EXI T----_

- I Ib(_IIIIILIL _; --CHAMBER ANDFUEL
I Y (::D)IILUIII)'ll___________,lj/_INJECTORASSEMBLY

1"_=_'_0_ _ _ TURBOPUMP ASSEMBLY



VAN NUtPS, CA&fFOIPNIJ

Engine Internal Operating Parameters, nominal

Pc-LACE • I000 psia, _LACE = 4. 0

Ws/W (SLS) = 1 36, _SEC-SLS = 1.9Zp

A4/A 3 = I. 00

FAN P.R. = 1.3

Report Z5 194.
Volu_e 5

Page 374
I ii

Eng. No.

.f_,,

Engine Operating Mode Block Diagrams
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ENGINE PHYSICAL CHARACTERISTICS

Thrust, sis [

Weight and Thrust/Wei£ht

MeasuringweightUnits IThrust/Weight

Lightweight Estimate

Subsystems:
Fan
Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combustor/Exit

Contingency
Uninstalled Eng, WL.
Thrust/Weight, Uninst.
Inlet Weight

Instal led Eng. Wt.

(IbUin 2)

5O

345O

5528

zq98
759

15 18
438

13"f9 _

18,1

2765

16556

250r000 Ibf

Ratio
(English)

t(

Report Z5,194
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i

Eng. No. zv

Irl12r055 newton ]

Ibm

Ibf/lbm

Maximum

I00

3450

6129

Z098
1104
1725

493

14999
16,

3 160
18 159

I(
Engir_e h:terr,ai

250

3450

6795

Z098
15 18

2346

597
16804

7 14. ?
4582

21386

(International)

kg
newton/kg

Pressure i000 (r.ewtor/m 2)

344.7

1564.9

2507.5

689.5

1564.9

2780. 1 3082.2

95 1.7 95 i.7 95 i.7

344. 3 500.8 688.6

688.6

198.7
i

6255, 7

178

782.5 1064. 1

223.6 270.8

6803.6 7622.3

163

1433.4125.4.2

7509.9 8237.0

14 6

2078.4

9700.7

Thrust/Height, Inst.

Heavyweight Estimate

Uninstallecl Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.

Thrust/Weight, Inst.

Engine Flow Areas
Diameters

Inlet Cowl, A
c

M ixer, A 3

Combustor, A 4

Exit, A 6

REMARKS,

if2

15. i 13.8 11.7

16549

15.1

11074

27623

9.1

148 135
,|

115

17999

79.1

69. 0

69.0

llO. 0

13.9

12656

30655
8.2

and Equivblent

2
m

7.35

6.41

6.41

ft

10. O3
,i

9.37

9.37

11.83 10.22

REFERENCES

I

ZO 165

12.4

17798

37?63
6.6

m

3. O6

7506.8
148

m

5023.2

12530. 0

88.6

8 164.4

136

5740.

13905.2

80.0

9146, 8

122

8073.2

17220.0

64.6

2.86

2.86

3.61

Recycled Supercharged Air Augmented Basic LACE.

be checked for specific applications. (Re£erences 5,

Engine Lenc

Uninstal led

Inlet (Typ)

Installed (Typ

ths

ft

15.8

37. 1

52. 9

m

4.82

11.31

16. 12

Recycle time limit should

7, 12, 13, 14, 21)
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ENG. NO. 27

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 27

THRUST
REFERENCE TRAJECTORIES
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NO. 27

CAPTURE AREA

REFERENCE TRAJECTORIES

20

E

uJ

I.i.I

l=-
el-

tO

l,&l

_m

ELI
ELi

1.6

10

" N

,<
W

ELI

. I"
n_

0

W

M"
&¢)
W

. W

EL

200

150

I00

50

0

0 2.0 4.0 6.0

FLIGHT VELOCITY, 1000 ft/sec

I I" i I I
0 0.5 1.0 1.5 2.0

8.0

!
2.5

FLIGHT VELOCITY, 1000 m/see



YAN NUlP|, CALIFQ|NIA

P,.eport 25,194
Volu.m e 5

Page 379
ii

ENG. NO. 27

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE FACT

Class 0 CompositeLaunch

SHEET

Vehicle Engines
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Engine Identification Number: 28 Recycled SuperchargedAlr Augmented
LACE- Convertible Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions 6 ; Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touch-down
(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), simultaneous

mlxlmg and burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic

combustion (6000-8000 ft/sec) Ramjet, supersonic combustlon (lO,000-1h,000 ft/sec)

Rocket (Orbital speed, space maneuvering and deorblting) Ramjet, subsonic com-

bustion (Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuumoperation, (F) = Useable for flyback mode

1-! Hydrogen, liquid, 37-40"R
l-'dHydrogen,liquid, subcooled(25
b--]Hydrogenl gaseous

!'-]Other

"R)
Oxygen,liquid,162"R

I"l Oxygen, liquid, subcooled
I-I Oxygen,gaseous

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mlxer-combustor, exit

Engine General Arrangement and Operating Schematic
HEAT

FAN EXCHANGER I i MIXER/COMBUSTOR i

! i
3_,,;il;;lll _, -CHAMBER AND FUEL

/ _ INJECTOR ASS_

F Oc.
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Engine Internal Operating Parameters, nominal

Pc-LACE = I000 psia, _LACE "* 4, 0

W s/wP (SLS) = I. 36, _SEC-SLS = I. 9Z

A4/A 3 = 1.00, Ac/A 3 = 1.15

FAN P.R. = 1.3

Report 25_ 194
Volurne 5

Page 385
in

Eng. No. a8

Engine Operating Mode Block Diagrams

H Tank

A X

H

H

. I--_-I .x

H

;--_ !---_, F-.T_-I _ . _ . x

0 I.--. -- --J k u--.=, J k--=._-- J

-  meeeB e-
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Eng.No. 28

The following information for Engine No. 28

appears in the fact sheets previously given

for Engine No. Z7.

Engine Physical Characteris_cs

Weight, Thrust/Weight, Flow areas,

Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrus¢, Airflow,

References and additional remarks

Lengths

Capture Area
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ENG. NO. 28
I

THRUST

REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
I

Class 0 Composite Launch Vehicle Engines
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Page 389

Engine Identification Number: 29 Supercharged RamLACE

Engine Operating Modes
Summary: Number of Modes/Transitions_ ; Number of Discrete

ModeProgression- Lift-off to Touch-down
(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), after-

burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 ft/sec)

Rocket (Orbital speed, space maneuvering and deorbitlng) RamOet, subsonic com-

bustion (Flyback) Ducted fan (Ylyback and landing)

Modes Utilized _,

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F')= Useable for flyback mode

Hydrogen,liquid, 37-40"R
r"l Hydrogen,liquid, subcooled(25 "R)
1"71Hydrogen,gaseous

['-I Otller

19"-!Oxygen, liquid,162 °R
1"1Oxygen, liquid, subcooled

Oxygen,gaseous

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic
HEAT MIXER/

= INLET--iFANj EXCHANGER=i _= DIFFUSER jCOMBUST_R EXIT-

- F _-_/ 0=-4' _TURBOPUMP ASSEMBLY
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Engine Internal Operating Parameters, nominal

Pc-LACE = I000 psia, _LACE = I. 0, _HX • 8.0

Ws/'W" p (SLS) = I. 93, _SEC-SLS = 3.53

A4/A 3 = 3.53

FAN P.R. = 1.3

Report 25,194
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Page 390
m i

Eng. No. 29

Engine Operating Mode Block Diagrams

®H
X



ENGINE PHYSICAL CHARACTERISTICS

Thrust,

Weight

Lightweight Estimate

Subsystems:
Fan

Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combustor/Exit
Contingency

Uninstalled Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight

II

sis [ 250 tOOO Ibf

and Thrust/Wekjht Ratio
Measuring Units | (English)

Weight | Ibm
Thrust/Weight k. Ibf/Ibm

(Ibf/in 2)

5O

1500

2995

1562

!147
1738

423

936,5

M ax im um

loq
1500

3Z8 1

1562

1295
1975
459

10072

26.7 24.8
3150 3600

II

Report 25 194
Volun_ e 5

Page 391

Eng. No. z?
I

ItI12_055 newton

(International)

kg
newton/kg

III

Engir_e h:terr, al Pressure I000 (r.ewtor/m 2)

250 344,7 689.5 172_,7
1500 680.4 680.4 680.4

3598 1358.

708.

520.
788.

19 1.

42_.

261.

1428.

5 1488.2

5 708.5

587, 4

4 895.9

9 208.2

0 4568.6

8 243.4

8 1632.9

Installed Eng. Wt.
Thrust/Neight, inst.

Heavyweight Estimate

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

Inlet Weight
Installed Eng. Wt.

Thrust/Weight, Inst.

Engine Flow Areas and

1562

11/38

22.2

12656

23894

I0.5

1776

2686

569

11671
21.4

5220

1632.0

708.5

Diameters

Inlet Cowl, A 90.4
C

M ixer, A3 30. Z

Combustor, A4 "a.5

Exit, A 6 125.2

REMARKS, REFERENCES

S _percharged R.arnLACE,

805.6

12 18.4.

258. 1

53o2.9
209.7

2367.8

12515 136'72 16911 5616.8 6201.5 7670. 7

zo.0 18.3 14..8 195.9 179._ 14.5.0

1.2.086 14.029 5097.6 5482.3 6363.5

zo.7 17.8 z18.z zoz.8 174..8
14464 20340 5740.8 6560.9 9226.2

26550 10838.4. 12043. Z 15589.7

9.4

Equivalent

34369

7.3

m

3.27

I02.6

Engine Lent

z1)

9Z. 3

2
mft

i0.73

6.20

Uninstalled

Inlet (Typ)

Installed (Typ

i

ths

ft

20.8

37. 1

57.9

12.. 62

8.40

2.81 1.89

9.98 7.29 3.04

11. 63 3.85

(References 5, 7, 14,

71.3

m

6. 34

11.31

1 7.65
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ENG. NO. 29

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 29

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 29 _

CAPTURE AREA

REFERENCE TRAJECTORIES
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AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE FACT SHEET

0 CompositeLaunch Vehicle Engines

Engine Identification Number: 30 Supercharged ScramLACE

Engine Operating Modes
Summary: Number of Modes/Transitions 6.._._ ; Number of Discrete Modes Utilized

ModeProgression - Lift-off to Toucll-down

(Take off) Superch_ged air augmented Liquid Air Cycle Engine (LACE), after-
burning cycle (2000 3000 ft/sec) Ramjets subsonic combustion (6000-8000 ft/sec)

Ramjet, supersonic combustion (i0,0OO-14,O00 ft/sec) Rocket (Orbital speed,

space maneuvering and deorbiting) Ramjet, subsonic combustion (Flyback)

Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code. (R) = Required ` (V) = Required for vacuum operation, (FI= Useable for ftyback mode

El Hydrogen,liquid, 37-40"R
i-'1Hydrogen,liquid, subcooled(25

Hydrogen,gaseous

r--]Other

R)
O_gen, liquid,162"R

!"-1Oxygen, liquid, subcooled
I'-! Oxygen,gaseous

i

Engine Constituent Subsystems
Inlet, fan, heat exchanger, rocket, mlxer-diffuser, combustor, exit

Engine General Arrangement and Operating

= INLET
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Engine Internal Operating Parameters, nominal

Pc-LACE " I000 psia, _I._CE = i. 0, _I-IX = 8.0

Ws/W p ($LS) = I. 93, _SEC-SLS = 3.53

A4/A 3 • 3.53, Ac/A 3 ==Z. 99

FAN P.R. - 1.3

Report ZS, 194
Volume 5

Page 401
l!
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Eng. No. 30

Engine Operating Mode

G)H

Block Diagrams

X

H
®

X
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Eng. No. 30

The following information for Engine No. 30

appears in the fact sheets previously given

for Engine No. 29.

Engine PhTsical Character£st-ics

Weight, Thrust/Weight, Flow area,

Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow,

References and additional remarks

Lengths

Capture Area



uardt
r_uJw_w4rm_ van *tUf|. CAAwtOeNtl

Report Z5_ 194
Volurne 5

Page 403

ENG. NO. 30
i

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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EN G. NO. 3o

THRUST

REFERENCE TRAJECTORIES
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ENGINE

Class 0 Composite

FACT SHEET

Launch Vehicle Engines
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Engine Identification Number: 31 Recycled Supercharged RamLACE

Engine Operating Modes
Summary: Number of Modes/Transitions.._ ; Number of Discrete Modes Utilized

ModeProgression - Lift-off to Touch-down
(Ta_e off) Supercharged air augmented Liquid Alr Cycle Engine (LACE), after-

burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic combustion
(6000-8000 ft/sec) Rocket (Orbital speed, space maneuvering and deorblting)

Ramjet, subsonic combustion (Flyback) Ducted fan (Flyback a_d landing)

Engine Propellant Requirements
Code: (R) = Requited, (V_= Requiredfor vacuumoperation, (F)' = Useable for flyback mode

I--] Hydrogen,liquid, 37-40"R . _ Oxygen, iiquid,162"R
Hydrogen,liquid, subcooled(25 R) I-1 Oxygen,liquid, subcooled

[71Hydrogen,gaseous I-'] Oxygen, gaseous

!-7Other

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mlxer-diffuser, combustor, ezlt

Engine General Arrangement and Operating Schematic
HEAT MIXER/

FAN EXCHANGER [.. DIFFUSER COMBUSTOR

EXIT'_

RIMARY THRUST
CHAMBER ASSEMBLY--

INJECTOR
ASSEMBLY

TURBOPUM P ASSEMBLY

%
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Eng.No. 31

Engine Internal Operating Parameters, nominal

Pc-LACE = I000 psia, _LACE = 1.0, _p.c. = 4. 0, _cond. = 8.0

Ws/W p (SLS) = 1.79, _SEC-SLS • 1.63

A4/A 3 = 2.27

FAN P.R. " 1.3

Engine Operating Mode Block Diagrams

'ANK
A X

®H
A r--q r---= r---1 r---I r---1 L, _. i _ '1. x
• , U- i =,, I u_l J R , r-H MD _'-'_ C _ Ei, iiL____:- L_"_'..:L___JmL__J I II I"

H pm I

f---)r--7 r---:urn7. _,x

4mP m IN ,rap _ ,mmm,= imD,mJ m o_mee

G H

h r- '....r--_ C---i F
I F I HEI ,' R ,1 MD H CI--_ E _ -'_"

L___] ----, ____ ,___J I
<
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ENGINE PHYSICAL CHARACTERISTICS Eng. No. 31
| III

Thrust, sis | 250t000 Ibf I_ . ltl12r055 n.ewtpn

Weight and Thrust/Wekjht Ratio
Measuring Units , (English) " ]| (International)

Weight . I Ibm II kgThrust/We tght I Ibf/lbm newton/k.g.

Licjhtweicjht Estimate

Subsystems:
Fan
Heat Exchanger
Primary Rocket
M ixer/D iflu ser
Combustor/Exit
Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet Weight

Installed Eng. Wt,

•Thrust/Height, Inst.

Heavyweight Estimate

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

Inlet 'Weight
Installed Eng. Wt.
Thrust/Weight, Inst.

(Ibf/in 2) Maximum Engir_e h:temal

50 100 250 I344.7

1500 1500 1500 L 680,4

4124 4572 5069 I870...6

15.64
930

ls 18
401

._0037

24.9
i,

Z765

1564

_ 19.5

1050

1725

434

10845

27,1
3160

1564

17.8

1440

2346

535

12454

20. I

4582

Pressure 1000 (r.ewtor/m 2)

_89.5

680.4

2073.8 2299.3

14, 7

709, 4
421.8

688, 6

181.9

4552.7

_44.3
m5 4. z

709.4

476.
782.5

196.9

49 19.3

226. i

1433.4

1723,7
680.4

709.4

653.2

1064. !

242.7

5649. l

196.9

2078.4

12802 14005 17036 580 6. 9 6352.7 7727. 5
i i

191. 5 175. 1

5903.2

188.4
1204_ 5463.2

20& 6
13014

!

14945

16.7

143.9

20.8 19.2

11074 12656 17798 5023.2 57 40. 8 8073. 2

23118 25670 32743 10486.4 116 44.0 14852. 1

10.8 9.7 7.6 95.5

Engine Flow Areas and Equivalent

m2

7.35

6.41

i0.22

m

3.06
i

1.90

2.86

3.61

106.0

Engine Lencths

ft

19. Z

37, 0

56. Z

Diameters

ft2

Inlet Cowl, A
¢

M ixer, A3

Combustor, A4

Exit, A6

REMARKS,

Uninstal led

Inlet (Typ)

Instal led (Typ

ft

10.03

6. Z3

9.37

11. 83

79.1

30.5

69.0

110.0

REFERENCES

Recycle time limit should be

(l_eferences 5, 7, 12, 13, 14,

Recycled Supercharged P.amLACE,
checked for specific applica_ons.
21)

.6778,9

164.0

74. 9

I

m

5.8_

17.13
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ENG. NO. 31
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ENG. NO. 31

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 31

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG. NO. 31

AIRFLOW

REFERENCE TRAJECTORIES
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Class

ENGINE

0 Composite

FACT SHEET

Launch Vehicle Engines

Engine Identification Number. 32 Recycled Supercharged ScramLACE

Engine Operating Modes
Summary: Number of Modes/Transitions...L ; Number of Discrete Modes Utilized

ModeProgression - Lift-off to Touch-down
(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), after-

burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic combustion

(6000-8000 ft/sec) Ramjet, supersonic combustion (i0,000-14,000 ft/sec) Rocket

(Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic combustion
(Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (%0= Required for vacuum operation, (F)= Useable for flyback mode

I--1Hydrogen, liquid, 37-40"R
ra Hydrogen,liquid, subcoolecl(?.5
I-a Hydrogen,gaseous

Other

R)
Oxygen, liquid,162"R

I-i Oxygen, liquid, subcooled
[-I Oxygen, gaseous

Engine Constituent Subsystems
Inlet, fan, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic

.... l_DIFFU
_. INLET

\

PRIMARY THRUST
CHAMBER ASSEMBLY

EL INJECTOR
ASSEMBLY

TURBOPUMP ASSEMBLY
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ngine Internal Operating Parameters, nominal
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i

Eng. No. 3a

Pc-LACE = I000 psia, _LACE = I. 0, _p. C. = 4. 0, _cond, = 8.0

Ws/W p (SLS) = 1,79, _SEC-SLS = t.63

A4/A 3 = 2.27, Ac/A 3 = Z.60

FAN P.R. • 1.3

ngine Operating Mode Block Diagrams

'ANK
X

, !-_--!, x
fl I I_! ! F i I HEI I'R i r--_,MD._-J C _ E _--

i--....I I L___i L----I =.----: I [----, _
L_

, l'-_"-! , X

_,,_.....li_ Lll'tll_l_ MT.! A I
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Eng. No. 32

The following information for Engine No. 3Z

appears in the fact sheets previously given

for Engine No. 31.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow area,

Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow,

References and additional remarks

Lengths

Capture Area

, °
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ENG. NO. 32

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 32

THRUST

REFERENCE TRAJECTORIE5
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Engine Identification Number. 33 AugmenterLACE

Engine Operating Modes
Summary: Number of Modes/Transitions 3 ; Number of Discrete Modes Utilized

ModeProgression - Lift-off to Touch-down
(Take off) Augmentor LACE (6000-8000 ft/sec) Rocket (Orbital speed, space

maneuvering and deorbitimg) LACE (Flyback) Augmenter LACE (Landing)

2

Engine Propellant Requirements
Code: (R) = Required, (%9 = Required for vacuum operation, (F)= Useable for flyback mode

Hydrogen,liquid, 37-40"R
I-'1Hydrogen,liquid, subcooled(?.5"R)
I-! Hydrogen,gaseous

Subsystems

F'l Other

Engine Constituent

Oxygen, liquid,162"R
1-1Oxygen,liquid, subcooled
F-IOxygen,gaseous

Inlet, heat exchanger, Rocket #i, Rocket #2

Engine General

=- INLET

Arrangement and Operating Schematic
HEAT

EXCHANGER
:KET THRUST

CHAMBER ASSEMBLY

F
0

LACE THRUST
CHAMBER

TURBOPUM P ASSEMBLY
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Eng. No. 33

Engine Internal OperatingParameters,nominal
Pc-m_r " 15oo _sla, O/F -. 5.5 - 6.5

_zxrr/_t(_) - 80

Pc-LACE = 1500 psia, _LACE = 1.0 - 4.6

AIn,T/At(raCE)- Z5

Engine Operating Mode Block Diagrams

• (D-H

.E R2

Im=j._.T -_,
" " i ,., t "al
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Eng. No. _

Thrust, sis I 250t000 Ibf

Weight and Thrust/Wekjht Ratio
Measuring Units I (English)

We ight I IbmThrust/We ight Ibf/Ibm

II • lrl12r055 newton

(International)

kg
newton/kg

Licjhtweight Estimate

Subsystems:

Fan

Heat Exchanger
Primary Rocket
M ixer/Diffuser
Combustor/Exit

Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

Inlet Weight
Instal led Eng. Wt.
Thrust/_Veight, Inst.

(Ibf/in 2)

50

I

Maximum Engine

ioo 250

67,0

9;'-2

46s_
537

It.t, _mal Pressure 1000 (r.ewtor/m 2)

344.7 689.5

I6q3.

657

4t8.

_26

1723,7

J

I
,Heavyweight Estimate

Uninstalled Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.

Thrust/Weight, Insto

Engine Flow Areas and
Diameters

Inlet Cowl, A c

M ixer, A 3

Combustor, A 4

Exit, A 6

REMARKS,

R 2 R

%106

60.9

36_0
7786

Equivalent

m 2

23.0 5.42 2_ I4

REFERENCES

5c_7

166c_, 2

3531.7

315

m

1 _ (.,_

Engine Len(

Uninstalled

Inlet (Typ)

Installed (Typl

ths
m

Augmenter LACE, in conJunc_lon wi_h basic rocke_ (Engine 0).

(References 7, 9)
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ENG. NO. 33

SPECIFIC IMPULSE

REFERENCE TRAJECTORIES
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ENG. NO. 33

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 33

CAPTURE AREA
REFERENCE TRAJECTORIES
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ENG. NO. 33

AIRFLOW

REFERENCE TRAJECTORIES
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Class 0 CompositeLaunch Vehicle Engines
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Engine Identification Number= 34 Recyc(ed Augmenter LACE

Engine Operating Modes
Summary= Number of Modes/Transitions...._..3 ; Number of Discrete Modes Utilized
ModeProgression- Lift-off to Touch-down

(Take off) Augmenter IACE, Recycled hydrogen (6000-8000 ft/sec) Rocket

(Orbital speed, space maneuvering and deorbltlng) LACE (Flyback) Augmenter

3
l

Engine Propellant Requirements
Code= (R) = Required, (V) = Required for vacuumoperation, (F"3= Useable for flyback mode

I'-I Hydrogen,liquid, 37-40"R _ Oxygen, liquid,162"R
Hydrogen,liquid, subcooled(25 "R) I-7Oxygen, liquid, subcooled

1"-1Hydrogen,gaseous I"1Oxygen,gaseous

Other
i

Engine Constituent Subsystems
Inlet, heat exchanger, Rocket #i, Rocket #2

Engine General

INLE1

Arrangement and Operating Schematic
HEAT

EXCHANGER
)CKET THRUST

CHAMBER ASSEMBLY

FO_ LACE THRUST

CHAMBER

"_ TURBOPUM P ASSEM BLY
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Eng. No. 3_

Engine Internal Operating Parameters, nominal
Pc-m_ = zSoozosia, o/F = 5.5-6.5

AEXIT/A t (B.K_) = 80

Pc-LACE = 1500 psia, _LACE = 1.O-

_A t (LACE) = 15

Engine Operating Mode Block Diagrams

®



...-...,,.-.
ENGINE PHYSICAL CHARACTERISTICS

Thrust, sis | 250t000 Ibf

Weight and ThrustlWeiqht Ratio
Measuring Units I (English)

Weight I IbmThrust/Weight Ibf/Ibm

Lightweight Estimate

Subsystems=
Fan

Heat Exchanger

Primary Rocket
M ixer/Diffuser
Combustor/Exit

Contingency

Uninstalled Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.

Thrust./Neight, Inst.

(Ibf/in 2) Maximum

50 100

Report Z5,194
Volurne 5

Page 436

En_ No. 34

Ii lrl12r055 newton

(International)

kg
newton/kg

}793

67.0

922

46_5

537.

Engine Ir.temal Pressure 1000 (r.ewtor/m 2)

250 344.7 689.5

1693.3

6_7

2111.5

_26,

1723.7

Heavyweight Estimate

Uninstalled Eng. Wt.

Thrust/Weight, Uninst.
Inlet Weight
Installed Eng. Wt.
Thrust/Weight, Inst.

Engine Flow Areas and Equivalent
Diameters

Inlet Cowl, A
¢

Mixer, A 3

Combustor, A 4

Exit, A 6

REMARKS,

ft 2

Z3,0 5.42

REFERENCES

m 2

2.14

4106

60. q

_o

77_&

7z._

m

1.65

Engine Lenc

Uninstalled

Inlet (Typ)

Installed (Typ

_862.5

597

I669. Z

3&31_7

315

ths

ft m

Recycled Augmenter LACE, in conjunction with basic rockets

(Engine 0). Recycle time limit should be checked for specific

appllcal;lons. (References 7, 9, ik)

L
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ENG. NO. 34

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 34

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 34

.--....

CAPTURE AREA
REFERENCE TRAJECTORIES
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EN G. NO. 34

AIRFLOW

REFERENCE TRAJECTORIES

4000

3000
t,,}

2000

m

I000

0

8000

6000

- _o 4000
,.J

2000
p-

0
0

I

0

2.0 4.0 6.0

FLIGHT VELOCITY, 1000 fps
I I I I

0.5 1.0 1.5 2.0

FLIGHT VELOCITY, 1000 m/sec

8.0

I
2.5



41' 4_ ,11, _

Repoz¢ 25,194
Volum_e 5

Page 441

b

\

I
u.
Z
m

Z

w

_J
Z

_D
If.
a,
uJ
Ca

b-

5"
m

u.

Ca •

41.
I

;l. 41"

N- 41,
ins

I,-,

< d

w I,_ ul

0 0 0

• ... _:_ _ _. _
t_
uJ

_D

Ca

Im

i

qp • • • • •

_d

o _0,

0 000
•.. --: -_:real _m_ eml



W

Report Z5_ 194
Volu.,_ e 5

Page 442

4"
t_

I
U_
Z
line

Z
t,L;

o
_J
I,-.
O.

u.a ,O

Z
,q

,v -_-
UJ O.
Q.

l-- G.

5- 0.
uml

)m
V5
IJJ

I,D
u_
3

. ... ..

41, _ 4(, 4k 4_ _ 41, 48, 4, 41, 41, 4, .It,

I

_U

lip
I

..J
4(

41, _ 4,4,4,
41, _ _4k4k
4, _ 41,41,41.
41, ,-0 41.41,41,

O _cJ

Lu -.., mJ _mJ

(:
=
In,,

• p- • • •

4C

_ _

t _ I _
oee eee

41, 4,
.N. 41.
41, 41.

I _ _.

U.I _Jl ,JO

r,

meJ

4".,1"

O.

JB

C _OC

ddd

_l[,11kl_llPllr= IL|_i'1J •
t

41.4.4,
41.41.41,
41'4,4.
41.41.4.
t1'41.41.
4k 4k 4k

• . 41.

4, 4.
41,

4, 41'
41. 4,



Q..

N
i,,.,
C_

Q.

NUY|. CALIfQINIA

N
Z
4y

CF

66
C_
U._ 1,6

Z

O
C_
_Q

: i ""
41. 41,

4(. 41' 41' 4_ 41,

41. 41, 4_

• Q • I

• • I

_ _ _ _- _ _,_ _ ,_

_ : : -°
..

d _ d _ ""

14.1
00

Report 25, lg4
Volume 5

Page 443

4b_ _
_b_ 4b
4b_4b
4b_ _

_O0

• • (I

4" (_ ""
B • •

! 4[, 4_ 4F
_ 4I. 4t,

UIO

_._.t

000

• • •

_e_i-_ " _ .



<[

C:

Report Z5. 194
Volur_e 5

I

Z
N

Z

C

Z
<r

c_

Q.

_J

Z

u_
),,.
u_

ql • O • •

I=- 0 1=. 0 I,,,,- 0 0 I,=,. _ I,-,
I,,,I.I LL, _ 1,,I. I.;J

,.,.. ,.,. ,.,.. _ : "": . :: .

_ Oc_

IJ,I .,,o IJJ .,,o _J_ --'--,

k,- • _,- • In- • •

C: 4_ O

O

I O

)..

m

)..

.J

_, cO _ 0 _ N

4t_ _
4_ 4k 4_

I 0C¢_

in

_<DC

3

3

41, 41. 41. 41.

.It, 41. 41. 41.

5"

41.

41,

4k_ _
_ 4t



_h

_ A"_IJPII_I'||'I"I i I

i."-'1_Yl|i li_X--il I lir_li
i.

¢'AtlPOIINJA

P_eport 25_ 194
Volu_ne 5

Page 445

!

Z
N

Z

N"

U.

IJ:

_r

),-.

u_

_)

b_

w



VANNUVS. CALJFORNIA

Report 25,194
Volume 5

Page 446

,4"
_w

!
U_
Z
m

Z

t_

b-

w ,dO

Z

=[

U. ;_1

U.J _.
Q.

I&d
).-- Q.

mat
Im

UJ
I.m
lJ,.
3

O _b O _

0 O0
0 O0

I C_ '1 O0

IJ,J _ U.i ,m,-o

lm • b..... • •
..dl _ ,...d --'me
4[ 4r

eee _ oe _ •

'4"'4"

oo •

_._ _

'L



TNIA/If --o,_|U| _"

A



i Report 25, i94
Volume 5

Page 447

.ENGINE FACT SHEET

Class 0 Composite Launch Vehicle Engines

Engine Identification Number. $5 Air Augmented Regenerative Monofuel Rocket-Ramjet

Engine Operating Modes
Summary: Number of Modes/Transitions_ ; Number of Discrete Modes Utilized

ModeProgression- Lift-off to Touctl-down
_Take off) Alr augmented heated hydrogen rocket, simultaneous mixing and burnln 6

cycle (2000-3000 f_/sec) Ramjet, subsonic combustion {6000-_000 ft/sec) Rocke_

(Orbital speed, space maneuvering and deorbitln6) Ramjet, subsonic combustion

(Flyback) Air 8ugmented heated hydrogen rocket, simultaneous mixing and burning
cycle _Landing )

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

Hydrogen,liquid, 37-40"R _ Oxygen, liquid,162"R
[-I Hydrogen,liquid, subcooled(25 "R) [-I Oxygen, liquid, subcooled
['-I Hydrogen,gaseous [-I Oxygen,gaseous

['7 Other

Engine Constituent Subsystems

Inlet, rocket, Mixer-combustor, Regenerator, Exi_

Engine General Arrangement and Operating Schematic

= INLET i _._ M IXER/COMBUSTOR _ -- EXIT-----

OC'--" F TURBOPUMP ASSEMBLY
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Engine Internal OperatingParameters,nominal

Pc.H2 = i000 psia

Ws/Wp (SLS) = 1,82, _SEC-SLS

A4/A 3 .,1.00

= 18.9

Report 25. 194
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Page 448

Eng. No. 3__!_5

EngineOperatingModeBlock Diagrams

®
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"ENGINE PHYSICAL CHARACTERISTICS

Thrust, sis 250 Ibf

Eng. No. 35

i Irl12f055 newton

Weight and Thrust/Weight Ratio
Measuring Units I (English) I!

Weight ! Ibm I!Thrust/Weight I Ibf/Ibm

(International)
kg

newton/kg

Lightweicjht Estimate.

Subsystems:
Fan
Regenerator
Primary Rocket
M ixer/Diffuser
Combustor/Exit
.Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.
Inlet 'Weight

-Installed Eng. Wt..
Thrust/Neightt Inst.

HeavTweight Estimate

Uninstalled Eng. Wt.
Thrust/Weight, Uninst°
Inlet 'Weight
Installed Eng. Wt.
Thrust/Weight, Inst.

Engine Flow Areas
Diameters

Inlet Cowl, Ac

M ixer, A 3

Combustor, A4

Exit, A 6

REMARKS,

ft 2

79.1

69.0

69.0

II0.0

(Ibf/in 2) Maximum

50 I00

1000
z:ioo

748

1496

496

6240

40. I

2765

9005

27_8

7488

33.4

11074

18562

13.5

I000

Z500

I088

1706

6845

36.5

3160

10005
2__0

8214

30.4

IZ656

30870

IZ.O

Engine Ir,tamal Pressure 1000 (r.ewtor/m 2)

250 344.7 689.5 1723.7

I000

2500

1496

2312

7q61

31.4

4582

I Z 543

I0 o

453.6

I134,0

339.3

678.6

22:;_ 0

2830- 5

393 ......
I254. 2

4084- 7
?73

453.

1134,

493.

773.

24q.

3104.

358

1433.

4538.

6 453. e

0 II34.0

5 678,6

8 1048.7

q 296_2

9 3611.1

308

4 2078.4

3 5689.5

and Equivalent

ft m2

10.03 7.35

9.37 6_41

9.37 6.41

II._3 _,0_ 22

_EFERENCES

m

3 13fi

2_ _lh

2_ 8F,

3_fit

9553

26.2

t7798

27351

9.1

3396.6

328

5023.2

Engine Lent3

Uninstalled

Inlet (Typ)

Installed (Typ)

3725.9

298

5740. 8

9466.6

118

4333.2

Z57

8073,2

12406.4

89

ths
ff

15.8

37.1

52.9

m

4, 82

11.31

16.13

Regenerative Hyctrogen Cycle. (I_eferences 6, 21)
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ENG. NO. 35
i

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 35

THRUST

REFERENCE TRAJECTORIES
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ENG. NO. 35

CAPTURE AREA

REFERENCE TRAJECTORIES
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ENG.
m

NO. 35

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE FACT SHEET

Class0 CompositeLaunch VehicleEngines
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Engine Identification Number: 36 Air Augmented Regenerative Monofuel

Rocket- Convertible Ramjet
Engine Operating Modes

Summary: Number of Modes/Transitions_ ; Number of Discrete Modes Utilized 3

ModeProgression- Lift-off to Touch-down

(Take off) Air augmented hea=ed hydrogen rocke_, simultaneous mixing ana burning
cycle _O00-_O00 ft/_ec) Ramjet, subsonic combustion (6000-8000 ft/sec) Ram-

Jet, _LJpersonic combustion (10,OOO-li,O00 ft/sec) Rocket COrbital speed, space
maneuvering a_l deorbiting) Ramjet, subsonic combustion (Flyback) Air augmented
heated hydrogen rocket, simAltaneoL:,smixinK and burning cycle (Landin_ _,

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F') = Useable for flyback mode

ITi Hydrogen,liquid, 37-40"R
Hydrogen,liquid, subcooled(25

I-1 Hydrogen,gaseous

F"l Other

R)
[Ti Oxygen, liquid,162°R
[-I Oxygen, liquid, subcooled
l'-] Oxygen,gaseous

Engine Constituent Subsystems

Inlet, rocket, mlxer-combustor, regenerator, exit

Engine General Arrangement and Operating Schematic

INLET "' _j _- MIXER/COMBUSTOR -- -- EXIT -'_

/
I '

_ _ 11 -"PRIMARY THRUST _'_

0 c:" F TURBOPUMP ASSEMBLY



Engine InternalOperatingParameters,nominal
p m 1000 psia
c -H Z

wslW p (SLS) ,, 1.82, _SEC-SLS

A4/A 3 = 1.00, AclA 3 • 1.15

- 18.9

Repoz_ 25,194
Volume 5

Page 459

Eng. No. 36

Engine Operating

_) H

Mode Block Diagrams

X



_ J'|. CAt elOONaa

Report 25. 194
Vol_e 5

Page 460

Eng, No.

The following information.for Engine No. 36

appears in the fact sheets previously given

for Engine No. 35.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow Areas,

Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow,

References and additional remarks

Lengths

Capture Area
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ENG. NO. 36

SPECIFIC IMPULSE

REFERENCE TRAJECTORIES

U
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EN G. NO.
36

THRUST

REFERENCE TRAJECTORIES
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NOMENCLATURE

Nomenclature used in this report is given below. The tabulated computer

printout information does not include subscripting as will be noted by the

repetition of certain parameter symbols. Refer to Figure 2 for engine flow

area station designations including the distinction made between A_and A o

where a vehicle flow field is involved (where there is no flow field these

are identical).

A4/A 3

A5

A6

A6/A 5 -

A6/A c

AHX

AO -

A0T

BL

CF, CF

H2

HTO

Isp, IS

Mo, MO

M2

NS

o/F
P2

Pc

PRf

pT2 , PT2

PT2/PT O, PT20-

PTO

Afterburner

Afterburner/Mixer Diffusion Ratio

Engine nozzle throat area, ft2

Engine nozzle exit area, ft2

Exit Nozzle Expansion Area Ratio .........

Exit to Capture Area Ratio (SCRAMJET) ..

Inlet capture area for heat exchan_-f_ewT--_t _ ......

Inlet capture area for secondary air flow, ft2

Inlet captt_re area for total air flow, ft2

Baseline

Thrust Coefficient based on inlet capture area

Secondary air static enthalpy at mixer entrance, Btu/ib

Ambient Total Emthalpy, Btu/lb

Specific Impulse, ibf/ibm/sec (NetJet)*

LocaI Mach Number

Mixer emtramceMach number

"Normal Shock"" inlet (Includes Normal Shock losses

plus an assumed 90_ diffuser efficiency.)

Oxidizer/fuel mass flow ratio

Secondary air static pressure at mixer entrance, Btu/ib

Primary chamber pressure, psia

Fan pressure ratio

Inlet recovered total pressure, psia

Inlet total pressure recovery

Ambient total pressure, psia
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R m

Ref

SLS

SPC

T

V6

Vo, VO

WFT

WHX

Wp, W'P

Ws/Wp, wsw?-

Ws, WS

WT

8 -

_ C'II" .

Rocket Mode

Reference

Sea Level, Static Conditions

Specific Fuel or propellant consumption, Ibm/hr-lb f

Thrust, Ibf (Net Jet)*

Exit velocity, ft/sec

Local velocity, ft/sec

Total fuel or propellant flow rate, ibm/Sec

Heat exchanger air flow rate, ibm/sec

Primary flow rate, ibm/sec

Secondary/primary flow ratio

Secondary (WS + W_X), lhm/Sec

Total air flow

Two dimensional wedge half angle, deg

Combustion effici'ency based on enthalpy rise

Characteristic veloci_-y efficiency based on velocity, or thrust

Inlet kinetic energy process efficiency

_M

N . "

6= .
Cp, PEP

_prec

_sec, PHS -

Mixing Efficiency based on s_atic pressure rise

Nozzle efficiency based on stream thrust

Combus_or equivalence ratio

Condenser equivalence ratio

Heat exchanger equivalence ratio

Primary rocket equivalence ratio

Precooler equivalence ratio

Secondary equivalence ratio

Net Jet thrust and specific impulse includes air induction inlet

momentum penalty, but does not include external drag such as cowl,
induced, friction, or spillage drag

/°'
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